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(54) OPTICAL ELECTRODE AND DYE SENSITIZING 
TYPE SOLAR BATTERY HAVING THE SAME 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
electrode having a superior incident light absorbing 
efficiency and a dye sensitizing type solar battery 
having a superior energy conversion efficiency. 

SOLUTION: The optical electrode 10 has a 
semiconductor electrode 2 with a light receiving surface 
F2, and a transparent electrode 1 arranged on the Hght 
receiving surface F2 so that the transparent electrode 
is adjacent to the semiconductor electrode. The 
semiconductor electrode 2 comprises a plurality of more 
than three layers, each of which contains oxide 
semiconductor particles as a semiconductor material. The 
average particle diameter of the oxide semiconductor 
particles included in each layer increases from the most 
inner layer 21 arranged in the closest position to the 
transparent electrode to the most outer layer 22 
arranged in the farthest position to the transparent 
electrode. 
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BJ#«^3±H^«s^Ji^cM*$-fr^^i; LT« 

4tfnoj]m£m^&z\btfx-zz>. mm. m^b-A 

Stnlftl^*. x;*>y?mm. 7?7>.?M[V\z. 

-j^wmffmrnm^m^x mm<nw& 
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^'xc?»^$ijffli-r &m t r c v DZf^t^mmmz 

[0 0 50] ^J:3CtT^lSl0^Udl 
f4. ^Ma^CE^L, itLi:^«® 
1 0 h . XI--*- S £H 1 C^rT 4 0 fciffl^iilf T . 

[005D i^zmmm^ «t, ®4 £#b?xs-# 

^*tovvc(4|s3-^!$-?£ttU Ma-rsSJBj(i^ 

[ o o 5 2 j ^mtmmcoitnm 1 1 ( s?Hhr ) (4. 

H4 4 d iz . 2 o*^gP<7)Jl 2Uzl> 

mim^mimir (*@*>m P3^'-ir*^Tfco. =§- 

P3i:^4(cm-^^-fL!t?3# 

i frhw&vunm 2 2 1 frwxm® tx i t 

(4. Ef 1 fc^T3l6«S 10 b Wmvyffi&L^LX^h . 

ztiizx o . ^m^t^mitwmmi^cr^mmn 
tiz%&. z^mm&i lctj^tii ±ie^«j§^* 

[0053] *LT. 1 **i3tfe*l«SR 

stkiimja (H*^-f ) «4. 1 ljawasi 

m*MW&<rw&m&mizm&*ivf. «*wr. %iz 
m^tctmm 1 0Rxs&Mm®m$%iWM2 0 1 mmco 
xmizi *)wm-t& zttfx-z h . 
[0054] m^.mimm'} vr. ms 
b*&w<?>mmco&Emi&Bmtz^xmwt&. a 

immcoftmmmz^-tm&mmmx'&z. 
[oo55] xmtmmetftwBk 1 2 < is*f > (4. 

0 5 fc^t 4 d lz N ¥3Sffcmffi 2 <0MS?<7)1 2 2S« 
1 SBHOiMtlHffill^aa^p 3 <»fr 

x-h s awi, n i tcs^tm® i o PMswfgj&^w 

if 2 20^*<¥%fii@<7)M : 5rS 2aa8^i¥«tt&?- 

(KfliwmttSf p i {>hw&^) mmwmmfc 
(jtfm=F) P3> frhmfcztixte*). *tim\- 



%Lffiz&ftm<7>m 2 1 frt>mn&<?tm 2 2 iz&vxmm 

^-&ZtlZ%:&. Z(0%Mmi2t,Zii^Xlt. ±iicr>ffi 

m*G-t&tmfcmm2Zffiz&ztizj:t) ^ mwm 
#mm 2 pi iz& t? h xm%cr>wm^^ijm i>tix 

[ 0 0 5 6 ] * lt % zemmm 1 2 &ntizt&&m 
%tk®iWM (Wfcit-f) (4. mmytmmi 2wmmi 
iz^Ltz&mmmstkmwxki 0 tmmcom&Lm-t 

2mf%Mmi 2*ffiz.tz&mmm 
M*.ffimm<vwm-%mamzmm $ ti-r . m*.&* foz 
ss^fejttffii QAt/&mm®m±mwm2 otmm?) 

[0057] [mmmtmmi wt. H6 *im.L*& 
h*&w<^mm<^=mimmiz^xmm-t&. ^ 

fc, ±SBtfeSf-iaS3K!!lifc:l8LTKB8LfcS*fcH- 

<7>mmt<z^xi,m-<?)rmzttL. mm-^mmtm 
[0058] *nsfe^«^m^ 1 3 (ia^-e-r) <4. 

0 6 iZT^-tX o IZ . ^^#c«@ 2 <7)(*}gfSJl 2 3 *«J«f 
S4^«cB^ 1 WHtfDBMfc»¥3Wt£&- : ?- P 3<^X$> 

*), m^com 2 2*mm-z>*mmtm-tfi 1 s^^s? 
itwmim^v Acnfrx-ti&vmte. muz^-tytm 
mi otmm<7mf$.ttLx^?>. ^*>. z<rym&. m 
tvucDm 2 2 zftf^zmitwrnimTP 4 

©4KflSI!HI^»«tiB?- P 3 W&KSJ: t^:* < =5r^ 
!B9^{**i z F^ i F^S@{4SrtgP^ffl 2 1 frhWtftU<7> 

m2 2\,zfrvxmmt&c\t\ l zt!;h. z^mmi 3^ 
mvfajLwmhtix^z. 

[ 0 0 5 9 } ■ -e Lt . CicT^m® 1 3 *4li3t<HR*IIS8 

w.±mnm (4. 3j^M4ai 

iz9* Lti&mmmkkffiim 1 0 
4 . a fc , 3Km® 1 3 s.tx3t«® 1 3 *ffiz.?z&mm>& 
w±mmi&(vmm?jmzmzmfezti^. mm. mz 
w<fz%mte 1 0Rx/^mmmm±mmm2 0 1 mmo 

-ffiklzi: nm&t&ZktfX'Z % . 

[0060] *mx?)im%:mimmiz^xm 
wLtdfi^ *mii±±semimmizm£zti2> t^-cw 

[0061] ±IEOHiS^S!fcfeV^T(4. 3S 

t h&mmmgtkmmmz^\, ^xm?n t^^\ *^bj^ 

fil4^J:7t, 4^JjLhO®*^fil^$il^^«^ 
fi2^«i4«BK^WUTV^T*> «tV\ CTi.(4*. 07tC 
1 4C0^#^®2<4. irtS<7)12 1 1« 
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9me>m 2 2 1 , mft&nm 2 1 1 «*sw5»2 2tco 
h. ^lt, ■z<7)i%£. ^mimm2<7)4->(7)miz^tL 

o« 2 1 frbmft&com 2 2 izfrvxmtot ?> x o t,zm 

[0062] 

[0063] ( HJgfPJ 1 ) ixrtzirct^miz ±9.05 

u mz. z<mmfc*m^tim-im3iziF-t&mm 

mSLkmW&2 0bffiM<7>ffif£Ztt& 5 X 2 0mm<?> 

[0064] jfcr. T i o 2 &^ ( T^*~ fc\ B*T 
XDy>tti, i§iHi£ ; r p 2 5 j , ; 2 5 n 

ton-xj ) ^jpi., w®.Lxmft&<7>m2 lBf&m 

C0Xy V — ( P 2 5tf)#3ra ; 1 5H*%. £AT\ ^7 

y-i t-rs) &p«Wi. 

[0065] ifctC. P 2 5 , Tfffl^gT i 0 2 fiT 
fe\ : 1 8 0 nnu P 1 80 

fcV^o) tSrfflW P2 5i:P180i:^>®4J:t^\ P 
25 : PI 80=1 : 1 k%2> X ? iZ L,fc£tfH*tttt0 
U - 1 1 PI8ltf>tIS?3MIt J: 0 , f*|gP® 2 3^l£Jf? 
C0Xy V— ( P 2 5<5>^-W* ; 7 . 511%, P 1 8 0 
<7>^*a; 7. 5«S%. JSIT. ^.7U-2i:-r-l») £ 

[ o o 6 6 j mz. pi 8 o<7>?>.zm^zmummco 
xy»-it mtrtsmzruizx *> . ftum 2 3 mms 

coxy 0- ( P 1 8 0^fi ; 1 SMMX. iikT. X 

[0067] #^*»t4 mwrnmntfyx) 

±{C7-y^H-r$n7tSn0 2 ^«M3 (Mm; 70 
Onm) £7&£L*:SgHJM«l (JS£ ; 1. 1mm) £ 
JWBUS. *LT. ^«Sn0 2 ^li3±t, ±ifco 

*co&. ^4'. 4 5 0'C^ffc7>*>i:T3 0^ 

[00 68] W.iZ. Xy»-2mfXyy-3£m^X 

z<mmtfm.b&WkK>m-tzbiz£*). s n o 2 mm 
m±.izm 5 iz^rt^mwmm 2 1 mmcom^co^mim. 
m cgymcowm ■. 1 . ocm*. mm -, 1 5^m. m 

«Wl2 1»li; 5juitu rtgBJl 2 3 Ojfl? ; 5^t 
m % WlUcr>m2 2cr>m&; 5/zm) fcTgj&U ii^fe 



[0069] 4m»*«Stf«BifK:fe**iaTO 

[cis-Di (thiocyanato)-N,N'-bis(2,2'-bipyridy 
1-4,4'dicarboxylic acid)-ruthenium(II) ] CI 

tico^y-^mm (mm&m&mm ■, 3 x 1 o-'mo 
i/L> srswiLfc. zcr>mmiz¥m#mm&% 

»U &0°Ccoi&]mift-cr>i>kX'2 O^HScKLfc. i 
iltciO. ^*tcmS2c7>«cii!Sfe«^^l . Ox 
10-'mo l/cm*«*3-|*7fc. ifcfc. HtlffiVo 

m®?r 4-tert-y^Ub- U WcOT^ Y=~Y VMW&SiZ 
1 57>a«L/tfi. 2 5'Cfc«#LfcS*ft8£>t'fc:*5V> 

[0070] i^tc. ±ieo^m@h $ 
m^Ktzwmm&.jjyxmML ( p tffnoj?$ ; 3 n 

m) *f38Lfc. «»®EfcLT. S^*. 3-> 

If-S (^B D a=a: ry^S^^j ) ^^t. 03fc* 
•tiptc:, 7fcl:ffil 2fc^®CEi:^.^<— - t^-S^^-L 

[0071 } (HSSM2 ) ^«cmS^>8gJt»OToi: 
012 2 IZyp: LtzftWM 1 O&l^H 3 (C* tJtfe«ii^S 

*i^«?a2 0 i: R««^«ja^^rr &5t«s&t^fe3iiiisR 

[0 07 2]5fe-f. P25t, P180t^ffll\ P2 
5 P 1 8 O kCDMM.ittiK P25:P180 = 7:3 

i: & h j; d t Ltzmvimmcox yv-it mnomm 
^mizx *>. nmm23mimcoxy u- c P2 5^-t- 

W*:10. 5«i%. P180^^Ti; 4. 5Mi 
[0 073] -eLT. IKSfiOX5!;-l*ttffltT*rt 

w>com2izmf$LL. xy»-4*mmLx?)W.m23 
zmfc l , mmcox y y - 2 Lxs^i-^Ji 2 2 

mM_ht0 1 iz^¥m#mm2 1 &w>mf&&pm 

Sffi (^ffi^Bm; 1 cmJ, SH ; 1 5/znu #P"9 
Ucom2\cOMW \ 5/xm, (*jgP®2 3cOJlJf ; 5/z 
m. fi^gP^il2 2<7)«jP; 5//m) Sr^BgL, 

[0074] (nss^i3 ) ^mfom.mcowmzy.Tcoj: 
dizixft^KztVLmz. $mmi tnuco^m^zx 

0 m 1^ L^r^m® 1 0 &t*0 3 fc^ 

*i©«?f!i2 o tmncoffifcztth%Mm%.v-&mmm 
[ o o 7 5 ] h 9 v—ymz . t i fc-^tHt^a 
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(mm. ry^-rm zxti. mfewKm&rTizis 
wt, t i z&wt^mntofcttMRmzmfrZit, & 

lz£ K> . ytbmm^ 7 nmOT i 0 2 ^ ( Ti~? — 
P27fc^'3) J^tfau^ K?g?£ (J21T. 

mm 1 fc P3tttf>#Wfc«k 0 . 5 6nmOT 

i Oj&-? (7*^?-*% P56iV>3 ) £#tf 

H^?g (ITF. 3o-f HM2tu3 > . ^-mt 

mtl 12nmOTi0 2 Sf (Tf-^—tf. OT, P 
1 1 2t^5) £-£t?rm4 K?§?£ (SiXT. 3^ K?§ 

?R3i;V^) , T^San 9 8nmOTi0 2 tf 
(7t^--fe\ filTs PI 98fcv>d> **trao>n< 

mm oat. =m-f h»«4 kv^a ) fcmnLfc. a- 

£ft^an^ K?gm~4£#i*t£Ti 0 2 m 

V vf . ^-^iSW^iJcfLS-gf^rTS <! i: fc: J; *)& 
tbtz. 

[0076}<J:l;, r? o>f H^fi 1 — 4 0)*:1x?1\\iZM 

Lxmum^mmmam-t^ t tzx ot i o 2 &^ 

7<7>^£-£tr<.-X h ( P 2 7<^B^M. ; 1 2M&%. 

vmm4 z&mtx P27tPi98t on&ktz p 2 

7 : P 1 98= 7 : 3 fc Lfc^-X h (tlT. ^— * h 

LTP2 7i:Pl 9 8 £<0ft:SJt2rP 2 7 : PI 98 = 

1 : 1 £ L/^-X h (JilT, * h 2 t > &m 
MLtz, 

[0078) -etT. ^-XM$ri^i2 lco& 
&lzm^. ^-xh2£p^Jf2 3<7^j£;k:JBv\ 

-Xh l~3£X?U-yiTOL;££<fcWMi. 

1 1 mv&mtzi o . ssms 1 ±im 1 t=^r^N»# 

ODfflt ; lcm', JUf ; 1 2jum. Sl*|gP<7)JI2 1 

2 2<D«JP ; 4Atm) £?£j£Ui. 

[0079] (HSSCT4 ) ¥##«ffitf>«3§£jaT<D.J: 

001 tc^Lfc3K«s 1 0^1x03 izTFLfz&mmigm 

[0080] -t^iyh. HttW3fc*iVvcfl|vvfc^-x 
h 2 Srfip«3^c7)® 2 lco^tcfflv^. HSS#!I3 
fci3V^fflV^^.-X h- 3 SrrtgBif 2 3cO®«fcfflV^ 



fc. 5Ete % rm-f K?§$4$r&fflLTPl 9 8W*£-tr 
tf^-Xh ( P 1 9 &<7)ttM. ; 1 2W*%. WT. ^ 

[0081] -eUT. ±IB^^-^hS-X^y-yEp 

S 1 ±t:0 1 tc5rT.imwW« 2 |5j«co«^c7)^#c 
«fii (gTtffiOtHW ; 1 . OcmMf ; 12jzm. 
*l*]g|5?)Ji2 \<7>mW; 4um. (*fgB® 2 3 J5 ; 4 
//m, W\-U<r>m2 2<^mW; Aum) Zm&Liz. 

[0082] ( mi[0i 5 > *mfcmm<?>mm joto J: 

001^ Lfc3fcHti 1 OSIX0 3 Ufcfe**ttSS! 
[0083] ttiyh. SIJfeM3fcfcV^TlSMt^3Q 

H«a i Rx/ztuj up27^pi 

1 2tcr>M&it%:P2 7:P112 = 7: 3t L^- 
Xh (P2 7<55#^ra ; 8. 4»*%. P 1 1 2cO^* 
*; 3. 6«i%. JitT. ^-Xh5kn5) tmm 

[0 084] tfz. HttW3t=tiV^T»«L3t3o>f H 

»a i &v^nj vmmszmmLx p 2 7 ^ p 1 1 2 

tcDMMJfcZ P27:P112=l:li L^-X h 
( P 2 7<7>-^i* ; 6«i%. P 1 1 2C0^^M ; 6ft 

«2 3<0»jRfcfflV^. Sfc. SIM0iJ4(ci3V^TPS?L 
fe^-X h 4 »lV>Ti»WAl 2 2 *mm. Liz. 
[0085] fit. ±iec^#^-XhSrX^'J-yEp 

s i ±tcn i (C7Kt-^##cm® 2 1 mm<7>ffi&L<D¥mfa 

MM (%%M<7)mm ; 1 . 0cm2. ®JS ; 1 2^m. 
Sf*3M2 1^If ;4/im, rtgPS 2 3 Oilff ; 4 
//m v m\-Ucr>m2 2 0>mW-\ Aum) &&&l,tz. 
[0086] (Htfe0|6 ) H*tW3fc:feV^TiBB ttzP 

2 7^>^^t^-xbnm^xm^<r>m2 1% 

]&f8.Lfz. £?z. mmM3<,zti\,->xmmLtzziuJ 
m2&mmLXP5 6cr>fr£-£ts'<.-Z.h (P56^ 

; 1 2ft*%. ot. ^-x h7t\.^o) zmm 

U £ilS:P l =igl5S2 30^{CfflV^„ MtC. mmMA 
tiJV^TlSLfcP 1 9 8c7>^4»^-S^.-X h4£ffi 

[0087] f LT. ±IBO«-^-X h ^X ^ 'J -yEp 

«s i ±tc@ i iz7kt?mwm& 2 1 w».nmm^m 
imm (%%fficomm •, 1 . 001112,^12^111. 
Mft8zcr>m2 Kvmm ■. 4um. m^m2 somm •, 4 

[0088] (smmi ) mmmiizm^tzxjy-i 
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OBfflt; 1. 0cm 2 s mm; 1 5,um) tf^RLfei 

1 ^^ejmS 1 ±^M7P. SSL 3 0^ 0 ig-t 

[0 089] (!HR0j2) iaft«ltcffl^fc^9l>-l 
i©g<0P 2 5 fcKHMtCMirr*;*? U - ( P 2 5<7>-§r 

40®*%. x^y-5fc-rs) zmmL 

fc. LTs 5<5^$rMV>T lo<7)a<?5^ 

*^^S^E«c^fii (5I»t>®«; 1 . OcmM 

jp; 1 5j«ra) ^fajLfcikjstwi, mmmitmm 

[00 90] ( Jfc«W3 > HifcflRJ 1 tfflV^X^ U -4 
; 1 . 0 cm 2 . SiS ; 1 5um) ZftMLfzZ 

coo9i] (tmM4>mMM3izmwz^-xhi 

<7)M3[ ; 1 . 0 cm 2 . mm ; 1 2vm) ZftML-fcZ 

[0 0 92] (Jt«W5) mtm4izm^fz^<~Xh4 
<?>mm ; 1 . Ocm 2 . mm; 1 2//m> ^Uc^ 

4cO^«mi±^^B. «Sjjt«3Eaft»7ig-r 
[0093] < Jt©09 6 ) Igjfcffl 1 fcffl V tf^-X h 2 
OWm; 1. 0cm 2 . Jf/J; 12/xm) l^lLfci 

[0094] arnmi) mmm3iz^xmmLt^ 

o-f KMiat/3a>( HM2^IMUP27i:P 



5 6 bconmit* P27:P56 = 7:3t L^^-X 
M P 2 ; 8 . 4«i%. P 1 1 20^W 

S; 3. 6«*%. £IT. ^-Xh8kV^> ^iSL 

tfrm-f KiB»2£fiEJHLTP2 7i:P5 6fc*0*«Jt 
&P27:P56=1 : ULfc^-^h (P27^>t 
*S ; 6Mfi%. P 5 6^*S ; 6«S%. tiT. ^ 
-Xh9kU-3) fcWRLfc. J5tc. HM093{C*5^T 
fSSgL^u-f K^2Sr«fflLTP5 6<7>^^-t-tf^ 
-X M P 5 6c7)^a ; l 0 0M%. JitT. ^-X 
M OfcUd) £i«RUfc. 

[009 5] *LT. '<-Xh8S:ffl^T«P ( jgB<7)®2 
lfcft£U ^-:*b2£ffl^T(*ig|$Jf 2 3£?£ML. 
^.-XM 0SrfflV^g^«0il2 2^^RS;L. 3o« 
*36»4>**imWWffi ; 1 . 0cm', 

mm ; i 2Atm> zimLfzzb&fim. mmmibm 

[0096} <it*fc«8 ) ItMPBKtSVVCpglLfcP 

^b\ l zx Y )mnu<r>m2 i&msLL-k.. mz. mmm4 
^xmftmm2 1 ±izx? v ->wmtz£&w?ft. m 

[0097] -f-LT. Hjfc«lfcH«<0#lit:J: 0 , 

teVM (%ymcr>Wm ; 1 - Ocm 2 . I^JSl 2^tm. 
»f*lgPc7)Jl 2 1 <?)mm ; 8 ^ m . S^hSP^S 2 2 CDS 

[0098] [wtmmmi mwtmsmzn^K 

-^-ySi^fy^fe 1 ^; TWXS-8 
5-HSj ) SrfflV\ AM7.f;W-(AM-l. 5> 
JIL^-feyy^y/^ 1 0 0mW/cm 2 <9g<K 
±my6£m$ft$>Zblz < S:*)'+T-?tz. 

m^xmm.-msmmm^.L. mtm& (v oc / 

V) . ( I s c/iA cm" 2 ) . ft^H^ 

(f.f.) Rvx.*fr*?-mmm (v/%) *-&*>ti. 
mm i -mm i . Jt«^j 1 —imma<7)&&mmm 
stkmmmizffiz. ^ixx^h^mMa)mm.b mw®m& 
mo&gkzm i izTprr. 

[0099] 
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